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Alteration and Destruction of Estuaries Affecting 
Fishery Resources of the Gulf of Mexico 

WILLIAM N. LlNDALL, Jr. and CARL H. SALOMAN 

ABSTRACT - Both the commercial and recreational fishing industries of the Gulf 
of Mexico are overwhelmingly dependent on estuaries. About 90 percent of the 
commercial catch and 70 percent of the recreational catch are made up of species 
that are estuarine dependent. Man 's alteration of estuaries is threatening these 
fishery resources. Data from recently published inventories of major natural and 
man-made estuarine features of the five gulf coastal states indicated that the total 
gulf estuarine area is 13,965,910 acres, including 7,890,611 acres of open-water 
area and 6,075,299 acres of emergent tidal vegetation. Submerged grass beds 
total 796,796 acres and live oyster beds amount to 158,663 acres. Major man­
made alterations include 4,446 miles of federally maintained navigation channels, 
138,458 acres offill, and 795,609 acres closed to shell fishing because of pollution. 

INTRODUCTION 

Almo t any long-term resident of, or 
frequent visitor to, the Gulf of Mexico 
can verify that not many years ago 
human activity was comparatively lim­
ited along the gu lf coast. Even the gulf 
coa t population i small in comparison 
to ome coastal sections of the United 
States, but it i enlarging rapidly. De­
velopment as ociated with this popula­
tion growth threaten continued pro­
duction from fi hery resource through 
destruction and alteration of aquatic 
and es tuarine habitat . 

Recognizing an accelerating compe­
tition between fish and wildlife on the 
one hand, and indu trial and municipal 
growth on the other, the Gulf State 
Marine Fisheries Commission initiated 
in 1965 a cooperative inventory of the 
gulf e tuaries to develop reali tic , stan­
dardized apprai als of estuarine re­
sources along the entire coast. Known 
as the Cooperative Gulf of Mexico Es­
tuarine In ventory and Study (GME I), 
the inventory included four phases­
area description, hydrology, sedimen-
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tology, and biology . The area de crip­
tion phase of the GMEI has been com­
pleted for each of the fi ve gulf tates: 
Alabama (Crance, 197 1) , Loui iana 
(PetTet et al., 1971), Florida (McNulty 
et al. , 1972) , Miss issippi (Chri tmas, 
1973) , and Texas (Diener, 1975). 

The purpo e of this report is two­
fold : I) to review briefly the importance 
of the gulf estuaries to the nation' 
commercial and recreational fi hing in ­
du tries, and 2) to provide an overview 
of the major natural and man-made fea­
tures of gulf estuaries by summari zing 
information contained in the GMEI of 
each gulf state . 

CONTRIBUTION OF GULF 
ESTUARIES TO 

THE NATION'S FISHERIES 

"But while we may reasonably as­
sume that the fisherie of the Gulf may 
attain much greater proportion than 
they now have, it is not probable that 
they will ever reach an importance at all 
comparable with such fi herie a those 
of ew England, imply because there 

I 

are not the enormous reso urces to draw 
from for a large uppl yo fm aterial, and 
al so because these so uthern spec ies are 
not likel y to fill so important a pi a e in 
cured food as do the staple production 
of northeJl1 seas." 

These were the conclu ion of 1. W. 
Collins. Mas ter of the Albatross, fol­
lowing an ex ten ive survey of the gul f 
fi sherie in 1885 (Thompson and Ar­
nold, 197 1). Thompson and Arnold' s 
rev iew of g ul f fi he ry deve lopment 
over the past century, however, de­
picted a sharp contra t wi th Coll ins' 
conclu ions. Since 1940, gul f fiheries 
have ex panded greatl y, and are con­
tributing a greater proportion of the na­
tion's catch (Fig. I ). The gulf catch 
rose from 250 million pound in 1940 to 
571 million pound in 1950 . and uou ­
bled aga in by 1960. In 1970 , 1.7 billion 
pounds were landed . These landings 
repre ented 6 percent of the tota l U.S. 
catch in 1940. 12 percent in 1950, 26 
percent in 1960 , and 35 perce nt in 
1970. The va lue of the catch to gulf 
fi shermen during these three decades 
increased from $ 11 million to $166 .6 
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4218, Panama City, FL 32401 . 



1150 

I SOO 

~ z 
~ "SO 

a 1000 

g 
:: 7S0 
'i 

SOO 

2S0 

II 'ure 
Gull "I 
,I II e I 

10 

11111111111 I andlll!! 111 14 ~. the 1.lt' t 
• ear Il r \\hILh hcllre ure .l\.lIlabk •• trI.: 
ho\\n b~ l h ht:r) re!!Illn 111 l ahle 

I In both I.mllng .tnl! alut:. thl' 'ul l 
\\ .1 

.\ t Inut' ... t' In qu. ntlt 
\ alue ,)1 gulf l:Jllh' dunn th 1'.1 I 
three dCL old\: \\.. due pnmanl t I 

p.lI1 It 11 \)( fi h riC Illr hrllllp. menh.t 
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primanl) pol and I..'roak.t'r. f(lr thc pel 
IOlld lI1du Ir) ([hllmp on .tnd \r nll id. 
197 1 ) II ollhc e reue are e tll .tr tne 
dependent. pt:nolng all or pm uon II I 
theIr life c)c1e In e tllanne \\ ;.Iler III 
fact. It I e tlll1.llt:d that ahmll l)() per­
cent nl the cnmlllercI .II ca t h trom thl: 
gull h~herie .Ire e"tll anne -dept: ndent 
pecIc " (Sk.lId and \\ ibon. IY () () ; 

Thomp nn and mllid . 197 1) 
Concurrent \\ It h the t: pan ion II I 

com mercial f1~hi ng. a marked Incre a e 
111 rec reational fi shing ha" lak.en pl ac\.:. 
In a l 'i-)ear r n od (1955 -70 ). the 
number of L . recreational h"hermen 
more than doubled . from -+ 6 millIOn tn 
9. 5 mlliton (Table 2) imtlarl). num­
bers a t recreatlonal fishermen 111 the 
Gulf of Me\lco dunng thIS ren d more 
than doubled. from I . I mIll into 2 3 
mIllIon. and repre~ented about 2~ per­
cent of the .S. fj"hermen . In 1970, 
expenditures by gulf fi"hermen rep-
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re"ented 33 percent 01 the fhher­
men e pendlturt:\ and more than quad­
rupled dunng the 15-)e.tr penod. an 
lI1crea"e mu h larger than th re t 01 the 

nlled tate'> In term" 01 pound ... that 
\\ ere caught. about 30 percent of the 

. marine recreational catch occur­
red 111 the gu lf (Table 2) . 
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.Ina l:1Jntall) ~'pt:rLt:nt ( .,- .£124 
'lLrt.: II the gulf pen e lUannl: \\ ut­
er .lnd ~() r<.:f~ent (23.I~O. Ir Ulr'­
leet) nl (he \Illume FllfIda rank. ec­
I nd \\ Ith 2h percent (2.0 I.: 2: al rc ) 
(II the are.1 and J() percent ( I ~.I 4.loJ 
acre leet) III the \Illume. lollo\\ed b~ 
Te .1 .... \11 I'" Iprl. and lana rna \\ lIh 
1 Y perLent () percent. anu :- perLent l)1 
the Jrea Jnd I ~ perct.: nt. III perc",n!. and 
'7 percent lit the \olurne. r pel..'tl\el) 
(FIg 2) 

Thou anu of Jcre ... of lhe gulf, 
open-v. "tt.:r e ... tuJne ha\e been ph) "'­
cali) de~tro)ed or altered b) dredgIng 

Hortlle F,sherte., Renell 



ancJ filling. Chemical adulteration by 
d mestic and indu~trial wa~te!> ha af­
fected several hundred thou 'and more 
acre~. The obliteration of open-water 
area!> threaten~ the continued productiv­
ity of fishery re~ource~ becau 'e thee 
area~ provide nursery and forage 
grounds for both recreationall) and 
commercia ll y important . pecie!> . 

Emergent Vegetation 

Th total area of tidal marsh along 
the gulf coast i 6,075 ,299 acre A 
with the area and volume of open e -
tuarine water. Louisiana contains most 
(64 percent) of the gulf' tidal mar h 
with more than 3.9 million acre (Fig. 
3) . Texas ranks second with 1. 1 million 
acre (19 percent of gu lf total). foI­
I wed by Florida (J 5 percent), Mis i -
sippi (I percent), and Alabama (0.5 
percent) . 

A difference in c limatic condit ions 
and a few inches of vertical elevation of 
ubstrate greatly determine the charac­

ter and composition of marsh land. Ac­
cord in gly. gulf eoa ·t mar hes vary 
from narrow band in some area to 
mile-wide expan e in other . In view 
of the number of recent re earch and 
review paper on the role of e tuarine 
tidal marshe -. a detailed tatement of 
the importance of emergent vegetation 
to fi hery production wou ld be redun­
dant ( ee de la Cruz, 1973; Gosselink et 
al.. 197.+) In e sence. marsh plant 
provide detrital material (small decay­
ing particles) \ hich serve as a sub­
·trate for bacteria. fungi. and protozoa 
that are the vita l. ba ic energy source of 
the aq uat ic food web . The mar h al 0 

maintain water quality b) filtering up­
land runoff ancJ tidal \\ ater : it !>er\'e a 
' pawning and nur ery gr und for 
economieall. important marine fi he ' 
a~ well a forage fl . he ' . shrimp. crabs. 
0)' ters. and clam. , and it pn.1\ ide 
shoreline ~tabilization . 

De!>pite the value of mar~hes to the 
estuarine eco ) tem. thou~and of 
acre~ of gulf marshland hay b n de-
tro~ ed or altered b) man-made de­

\ e lopment!> . ome de~truction \\ a:, de­
liberate, a:. \\ ith dredging and filling to 
pro\ ioe real e -tate for hou ing and in­
du~tr~ (LinJall anJ Trent. 19 :) In 
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Figure 3.-Acreage 01' gul f tiJaJ marshe, by SlalC 
(Includes 393. 160 acres of mangrove .. in FloriJn ) 
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Figure 4.-Acreage of submerged e luanne \egela­
lion In lhe Gulf of t\te~ico b) slate 
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Figure. - Acreage of the gulf e<>mmen: • .1II) pm­
ducll\ e o) 'ter ht. .. h. puhhc anJ pn'ale dea"""). ", 
... tatc. 

t ther (a'I.: " . m,lr~h"tnd J.: Irul'lH n \ .1 
Unll1lt'nlional. hn1ughl ;,thllul h~ tgnol 
ance or J I, reg,I1J l)1 th..: nall/r.d pfIl 
ce .,e, requireo Inr .1 mar h t(l un I\C 

n c\.1m ple n l tlk l,llIer I' L (llil 1.111 •. 
~l\ e rage annual 1o, ... 01 16 5 qU.lIl' 
mil e" of mar,h \l\ef the p.!', I ~() \l·.II'. 

much 0 1 \\ hleh \ 1 ;[' c,lu'l'd h) 1ll.lll 

a lt e ratIO n of natural h~ tlrologll' .Ill..! "I.:d 
imentolog ic proce."e, ( ht~"dnll .tnd 
\ an Set: h. . 1Y70!. 

Submerged Vegetation 
Exclu iYe of Igae 

De le riTiin ed pn ll1aril~ h\ \\ dtel 
de pth . turbicJit ). and 'alintt~. th.: 
amount r . ubl11ergecJ \cget.ttInn In gull 
coa!> l e, tu arie" COl er, an ,1IC.1 .. I 
796.796 ac res (Flg . .+l. i tnbuthlll I' 
continuou arounJ the til'\! gull tat.: .... 
but r lati ve abunJance Jifler, m,lrh..:dl;. 
among state". The \a.,t 111.1.1(1111: (oJ 
perce nt) of ea gra"e, Ol'cllr, in I-Inllu.l 
where relali\ely clear e~tuarin\! \\ ,llI:r 
cover 50~.·n I Jr:rc~. Tc\;,t C ... tLl,IIIC . 
primaril y the le .. s turhid \\ ;1l1.:r\ of 
Co pano- ran, .. h Sa) ano l IgUIl,1 
Madre. ranh. ~eUlno \\ Jlh 2.+Y.~J5 ,It.:rc 
(3 1 per entofthegulfl()lJI) ThelUrhl 
wate r~ of Loui\iana. \ 11'''I''lppl . .In j 

Alabama CO\ er 4: .000 JCI e . ur dPOlIl /) 

percen t of ~ubmergecJ \egetdtll1l1111 Ih 
gul f(Flg .+). 

In re lation to 0pL'n-\\dtcl drl'a~ 01 th' 
gul f e\ tuurie,. ahout lO pcru:nt oj the 
ho lt om 1\ co\ereJ \\ Ilh '~,l ilr.1 ~ 

So me 2.+ percent or lorida ha) bllllllill 

are \ egetated. folhl\\l.:d h:- Tt.:x..I'" \\Jtll 
16 percent. ' 11 I "Ippl 4 pCllcnl 
Alabama I percenl and Ll'lll"ldna 0 • 
percent. 
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acre~ \~ hich pro\ Ide "eed 0) qer\ to tile 
Loui~lUna oy"ter IIldu. try J<, \\cll J\ to 
the public (Perre t et aI., 1971) 10llda 
ranks ... econd \~ Ith 13 ,8'+'+ acre ... (9 pc r­
cent of the gulf total), lollo~ed b) 
Texa ... , MisSI~~IPPI, and Alabama \\ Ith 
12,,+77 acres, 9,7R6 acre", and 5,OIX 
acre<" re"peCli\ el) 

DIMENSIONS FOR MAJ R 
MAN· MADE ALTERA nONS 

Dredge and Fill 

Comtruction and maintenance or 
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Figure 6 MIle, of na\lgauon channels (com 
pleled. under cnn'lruLuon. or planned I b~ ,laic 

\lIlgk large">t lorm 01 e"> tuannl' altera ­
tion on the gul l cna"> t rhl' amount of 
chunne il/ ation by loca l Intc re<, t .. (na\l­
g..ttlon dl,tl'lct\, petroklll11 IIldu\tne,,>. 
1I11lu<,tnal Iirl11">. cou nt ) gO\l:rnment,,>, 
munlclpalitll'<' . .Ind pnhlte ul'\clopl.!r\) 
I"> not kn()~n, but Ill! rc th an '+A(JO 
mile,,> 01 na\ Ig,llion channl!!, arc com 
pleted. under con ... truetlon , or plannl.!d 
b) the '\1'111) orp<, of Enginl.!l.!r"> 
(F-ig 0) Imo't all require pl.!rHlUle 
m..tllltenance drl.!dging. 

n l' amplt. of the Ilhlgnltudl.! 01 I.! -
tuanne altl.!ratlon rl'"ultlng lrom na\ Ig.t­
lion lh.lIlnel<, I the amount 01 l11atcllal 
that I' rl'mo\eu annuall) Imm malnh.:­
nallce drl'uging alone. EdCh year. thl.! 

orr' 01 nglnl.!er\ uredgl.!' an a\crage 
of 151 'i millll)n cubiC )dru<, 01 cui­
ment fnllll guilloa't clhlnncl anJ h.lr­
bo\". (fig 7). Put Into pl.!r pcctl\e. thl\ 
\olumc ofdredgl.!J matcn.ill equl\a­
lent tll .1 roaubl.!J about :0 ) arJ \\ IJe. I 
) arJ Jcep .• lIld 1.7.+1 mile Inng. the 
Jm IIlg ul,l.lnce from "e) We t. Ha .. 
to 8m\\ n,\ ille. Te\ Of thl annual tl -
tal. 60 million cubiC )arJ are 
dreuged from LOlli lana vvater : '+7. Y 
million cubic )..trd, I mill Te\a \\ater: 
~O 2 million CUbil )..lrd I'mm \11 1-

Iprl. labama. and north\\ e'tern 
Flonda: and 12 6 million cubiC )ard 
fmm penlll ular FlonJa ome 7. 
million cubic) ard . or 11\ er half. are 
dl<,po ed of III open \\ ater (Palermo anJ 
;\[ontgomer), 1976) 

Figure 7 DISposllIon of dredged malenal geocrJlcd 10 mainlcnanLc dredglOg operalllln' and annual quanltllc 
(10 million, of cubiC }ard,lof malenaJ dl'IX'sed h) area b) llrp,,,fEngmeeI'. llun:e Palermo and \tonlgllmel"l 
( 19761 
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1'<\\ igatHln channel,,> arc a \ Iwl part 
of thl.! gulf' Iran,,>portation~} ,tem, but 
thc)' C4ln repre'ent a <'Igni heanl threat 10 

lI,,>hI.!I") re">nurle~ through hahllat de­
..tructlon .lIld .d teratlon (Arnold, lyn.+J. 

on\equencc,,> 01 channcl uredglng that 
arc partllulall) dama ling to h,,>her) rl.!­
\llUrle\ IIlllude ph) ~Ical 10 of aqua­
tiC h .. bllat h) creation 01 ,poll I land. 
eemenlatlon and I,ol.ttilln of h.IY". in­

nea I.!d 'ho,ding. lIll:n.:a cd ,dt~atl.!r 
IIltrU">lon dnJ flu hlng time. alteration 
01 tidal e ch'lIlge and llrllilatlon put­
ICI n'. incre,1 cd turhldlt). and de truc­
lIon 01 lIbmerged anu emergenl \egc­
t.llion I hdrm.lIl. IYh') 

hlled ,lrCLl'. creJted pnmanl) for 
lerrc trial en'lronmcnt ;Jnd prnuuced 
h) dreug Ill!; dJpccnt ~ ater holtom . 
repll.! ent the mo t nh\ IOU form 01 e -
lU.lnnc alter,ltlon llme I ~ A: acre 
III !!ull e tu.trIL .trL hlleJ I Fig ) 
~Illre thJn h.tlf III the li\e- t;Jte tntal 
llCcur 111 T t; a (7, .UOO acre) anJ I 
the re ult 01 poll JI PI) allrom na\ Iga­
tltln dlannel I hapman. Il)h J. LoU! -
lan,\ r;Jnk. ,cconJ \\ Ith 2n.61: Jcre 01 

1111, \\ hICh .• 1 In Te a . re ulted almo t 
tlllall) from 'r)11 from na\ Igation 
ch;1I1ncl flnndu r.1I1k. third \\ Ith 
2'.521 acre of lill. but. unlik.e Texu 
anJ Lnul lana. p Iii from n;J\ Igatlon 
ch,mnel alcllunt for It: than: rer­
cent nr the t.tte tlHaL the m.1JorH) of 
flonda' 1111(1 A09ucre )\\a created 
for hou II1g and Indu trl;J1 real e Wt . 

Figure. Acreage 01 hlllO gull c'luane b> ,Iale 
(Te ;\., hll area !.iken lrom Chapman. I <l6l! ) 
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Map,hland convened III ' poll ,He lor m,untenan,'" ot oa\ Igatl<lO ch.mneh 

Table 3.-Summary 01 major natural features and marMTl ade alterations of Gull 01 MexIco estuaries, by state. 

Feature Texas' LOUIsiana] 

Surface area (open water). 
MHW6 acres 1.532.430 3.378.924 

VegetatIOn 
SUbmerged. acres 249.365 20.000 
Emergent. acres 1.t41.4OO 3.910.664 

Total estuarine area 
(includmg open water 
and udal marsh). acres 2,673.830 7.289.588 

Oyster beds (live) 
POIIate (leased). acres 5,190 116.318 
PubliC. acres 7287 1,200 

Total acres 12,4n 117,518 

NaVigatIOn channels. miles 1.095 1.039 

Filled areas. acres '78.000 26.615 

Areas closed 10 shellfishing. 
acres 325.090 139.905 

1 Data from Diener (1975) 
2Dala from Perret et al. (1971) 
'Data from Chnstmas (1973). 
'Data from Crance (1971) 

with 170,698 acres, or 8.2 percent of its 
estuaries. Lo uisia na is thi rd with 
139,095 acres (4.1 percent of it wa­
ters), fo llowed by Mi is ippi with 
87,300 acres (17.4 percent of it wa­
ters), and Alabama with 72,6 16 acres, 
or 18.2 percent of its waters (Fig. 9). 

These figures are conservative be­
cause they do not incl ude areas that are 

6 

MISSISSIPP' . Alabama' Fior'da' Gulf tOlal 

500.379 397.353 2.081525 7.890 611 

20.000 5.000 502 43 796 796 
66933 34614 921688 6075299 

567.312 431.967 3.003 213 t3.965 910 

0 1.974 5.125 128.607 
9.786 3.064 8719 30056 

9.786 5.038 13.844 158.663 

374 146 1.792 4446 

8.170 2.152 23.521 138.458 

87.300 72.616 170.698 795.609 

'Data from McNutty el al (1972) 
6MHW = mean high water 
' Data from Chapman (1968) 

peri od ical! c l ed whe n bac ter ia l 
count exceed afe level , e, pec ially 
afte r hea y torm -water runoff. In 
Texa , for example, an additi onal 
16,600 acre are periodically c lo ed on 
a conditional ba is. 

Fortunately, not all of the oyster re ­
so urce of clo ed areas are nece arily 
10 t to the oy ter indu try (Tar er and 

[ uga\, 1<:.173) In l l:Xa', lore <.tl11pk. 
COI11f11cn; lal fl..,herll1cl1 <lfe permi llctl til 
oht,lIn (l)"ter., from cln ... cd urea, and 
lr;ln'port them til Ie,f\ctl ,m:;) \.Ii llh de­
Lcplahle "~lIcr 411.1Ift). After annut a 
month III Jepur.llloll (ckan~lng) tn the 
<.:1c,1O ",lIer,. Ihe (J),ter, ,He reh<lr­
\e,led and t11<.trketed fhf proc!: 
h()\~e\cr. re.,ull,> 111 u more co,tl) pm­
duct lor the II herrnen as \\.ell a\ the 
((1 n WIllC r 

L ;\f\lARY \ J '0' ' I. 

OIlHl1t.:rI:I<.t1 and rure.tlUln •. d h hln..: 
rn Ihe Gull III Ie lCO ha e panued 
grc,lll) IHt.!r the pa't three decade. 
Both fntlu'trlc, arc (}\ef\\ helmlOgl) 
oependclltlln gull c tuane lor the Lon' 
llnucd II her) pmou lIOn Ba eO on 
\..:nO\\ ledgc of thc Illc hi lOr) 01 peue, 
that .m: landeo, .thout 90 percent 10) 
"clght) 01 the wmmer i<.tl cat..:h anti 0 
percent nt the reL reatlOnal at h <.tre 
made up \11 peLle thai are tlepentlem 
on c tu.mne hablt<.tt Juring all or part 
of their lile (jele . 

Prc,cml). there arc nearl) 1.+ mtllion 
L tuarine ill re al ng the gull l'a l. in-

ludlng almo I million acre I pen 
\\ater and Ilghtl) more th:.tn 6 million 
.ten: \If emergent mar h \egetation 
(Table 3). \\ Ilhin the pen \\ Jter area, 
there are more (han 796. 00 acre t 
~ubmerged gra\ e, anti o\e[ L ,0 a 
acre~ 01 commerciall) productl\e 0)"'­

ler betl ... . 
:-'l an', phySical anJ chem l al <.tl tera­

tion ... or the gulf e..,{uane.., ar threaten­
rng the ominuetl pr Ju tlon of i 
fi her) re ourc . ~I aj r man-maJe al­
te rations to tl ale in lude nearl ) 4.5 0 
mile of na\ iga ti n c hanne l . o\er 
13 .00 a re f fi ll. nd ure f 
more than 79 ~, OOO acre to hell fi hing 
0 \\ ing to pollullon (Table 3). Other al­
terati n 10 lude la). and, gru\ el, 
and hell mining, mar h impoundment 
and drainage fo r mo quilo control, and 
water contr I measure that alter the 
amount , quality , and timing of fre h­
water fl ow into the e. tuarie . Informa­
tion on the amount of the e change i 
not available , but the • too. repre ent u 
threat to continued fi hery production . 

At fir t glance, the amount of man­
made alteration in the gulf e tuaries 
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eems in~ignificant in relation to the 
remaining amount of estuarine area. 
For examp le, 138,000 acres of fill rep­
resents about 2 percent of the remaining 
open water and about I percent of the 
total estuarine area including marsh. 
The significance of thi loss , however, 
cannot be measured imply by calculat­
ing acreage. Most fi lling occur in 
sha llow bays and intertidal mar hes, 
usually the most productive part of the 
e~tuarine ecosy tem . Secondary effects 
are also important. For example, about 
3 acres of submerged bottom are re­
quired to create I acre of fill (Odum, 
1970) . Areas from which the fill i 
taken are often dug to excessive depths, 
allowing accumu lation of ilt , ewage, 
and other pollutants which preclude the 
reestabl i hment of biota to preproject 
levels. 

The amount of fi hery resources 10 t 
as a re ult of man' s alterations of gulf 
e tuaries is now known. The human 
population along the gulf coa twill 
continue to expand, however, with 
concomitant demand for dome tic and 
industrial development in the e tuarine 
zone . To protect fi h habitat, and thus 
insure the continued production from 
fi hery re ources, only those project 
that are essential shou ld be permitted . 
Even for projects determined to be e -
sential, their value must be balanced 
again t permanent losses of naturally 
renewing reso urce . Prese ntl y, uch 
losses cannot be mea ured accurate ly 
because of the compl icated li fe hi s­
tories of the animals that inhabit the 
e tuarie and our lack of understanding 
of the more complex interrelationship 
between phase of their life cycles and 
changing physical and chemical condi­
tions. Only through broad, basic, and 
detailed research and management can 
this knowledge be gained. 
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